
Title: Relating Distance and Velocity Over Time

Link to Outcomes:

• Communications Students will demonstrate the ability to express physical phenomena
and mathematical ideas orally and in writing.

• Reasoning Students will make and test conjectures to interpret data.

• Statistics Students will express data as data plots.

• Technology Students will demonstrate the ability to use the TI-82 calculator and
the TI Calculator Based Laboratory (CBL) System.

• Connections Students will demonstrate the ability to make connections among
various mathematical topics and applications to other disciplines.

• Cooperation Students will demonstrate the ability to solve mathematical problems
in a cooperative atmosphere.

• Algebra Students will demonstrate the ability to apply algebraic concepts in
problem-solving situations involving equations, tables, and graphs.

Brief Overview:

Students will collect data using a CBL and motion detector.  The data will be graphed using
distance-time and velocity-time.  Teachers will have the option of using this investigation at
three increasingly difficult skill levels (data collection, line of best fit, and comparison of
slope and velocity).  

Cooperative learning groups will be formed consisting of two to four students  Each will be
assigned a specific task in the collection of data.  Students will study linear MOTION.   

Grade/Level:

Grades 10–12: Appropriate for Algebra II, Trigonometry, Pre-calculus, and Calculus.

Duration/Length:

Minimum of two class sessions.

Prerequisite Knowledge:
  

• Students should have observational skills and some familiarity with the TI-82 and CBL
motion detector.  (This may best be facilitated if the students have completed the learning
unit, “An Introduction to the CBL Systems Linked to the  TI-82 Calculator by Observing
MOTION and Interpreting Data Plots,” 1994 High School Summer Institute for
Mathematical Teachers.)



• Students should have the ability to read and interpret coordinate graphs.

• Students must be familiar with the slope-intercept form of the line and be able to
determine slope given two points.

• Students should be familiar with quadratic equations and be able to find quadratic
regression equations on the TI-82 for Level II.

Objectives:

• Observe MOTION.
• Use CBL system to collect MOTION data.
• Connect physical MOTION to data lists and to data plots.
• Use TI-82 to examine data.
• Interpret data plots.
• Use TI-82 lists to find two data points and determine equation for line of best fit.
• Graph equation of a line on TI-82.
• Relate rate of a moving object over time to the slope of the line graphing distance over

time.

Materials/Resources/Printed Materials:

• TI-82 with MOTION and PLOTS programs installed (One per group)
• CBL systems set up at work stations
• motion detector (One for each CBL System used)
• Lab activity worksheet
• Technology Set-up Procedures

Development/Procedures:

1. The TI-82 calculator must have the MOTION and PLOTS programs.  It is left to the
discretion of the teacher to decide whether to link the programs prior to class or during
the class period.

2. The teacher may model the data collection on the calculator overhead with sample
graphs.

3. Organize class into groups of two or three.

4. Distribute Lab Activity Worksheet.  Have students complete sheet following the
directions.  The Worksheet has five sections.  The teacher may choose to stop at the
end of any section.

Section 1 Data Collection — Use the CBL and Motion Detector to collect data.

Section 2 Data Interpretation —  Find the line of best fit algebraically.

Section 3 Velocity Extension —  Predict velocity/time graph from observations
and verify by using the Stat Plot feature on the TI-82.  Compare
velocity value to the slope value in the distance-time graph.



Section 4 Distance and Velocity Practice — Review sections 1–3 using 
a different distance-time graph.

Section 5 Summary and Evaluation.

NB: The graphs used in this activity use time as the independent variable on the horizontal
axis.  The MOTION and PLOTS programs name these as distance-time or velocity-time,
however, time is always on the x-axis.  

Ideally, students should be working in pairs, so that both can see the calculator screen.

For the purpose of this activity, positive velocity is being used to describe the speed of an
object moving away from the Motion Detector and negative velocity  is the speed of an
object moving toward the Motion Detector

The CBL sometimes gives readings with a negative distance which will give a distance-time
line below the x-axis.  It is not clear why this happens at this time, but it will not interfere
with the worksheet questions.

Each section of the worksheet increases in difficulty.  Teachers may choose to stop at any
section.  Section 5, however, can be used as an assessment at any level.  

Evaluation:

Teacher will supervise groups and grade worksheets.  The summary on the Lab Activity
Worksheet includes an evaluation of the students understanding.  As an alternative
assessment, the instructor can give students four distance-time graphs and four velocity-
time graphs and ask them to match them appropriately.

Extension/Follow Up:

The same activities could be used with parabolas and sine curves produced by the motion
detector.  A walking MOTION produces a parabola and a ball dropped from a bungee cord
suspended over the motion detector produces a sin curve.  For Calculus students the Lab
Activity Worksheet could be used as an introduction to first derivatives.
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TECHNOLOGY SETUP PROCEDURE FOR VELOCITY-DISTANCE PROBLEM

1. The CBL System comes with a programmed TI-82 calculator.  You will need to transmit
the programs MOTION and PLOTS to your TI-82 calculator for the overhead.

2. Connect the CBL unit to the TI-82 overhead calculator with a link cable using the I/O ports
located on the bottom edge of each unit.    

3. Connect the Vernier Ultrasonic Motion Detector to the Sonic port on the left side of the
CBL unit.

4. Turn on the CBL unit, the TI-82 calculator, and the overhead.

5. Place the Vernier motion detector on a flat surface parallel to the floor so it will detect the
movement of a student walking away from or towards the motion detector.  The detector
should be high enough that its beam hits the student.  

The CBL system is now ready to receive commands from the calculator.














